Recently, differential-signaling (DS) techniques such as low-voltage differential-signaling (LVDS) have been widely used in digital electronics devices in order to suppress electromagnetic interference (EMI). But in practical terms, a complete topologically and structurally symmetrical differential line is impossible. In this paper, we newly attempt to quantify the imbalance component and electromagnetic (EM) radiation when the structure and topology change from a symmetrical to an asymmetrical differential paired lines. Four different differential-paired lines structures are prepared for the comparison: PCB1 is a basic symmetrical structure taken as an "ideally balanced" case, PCB2 is an asymmetrical structure due to differences in bend and length, PCB3 is a symmetrical length structure with a bend region, and PCB4 is an asymmetrical topology with equi-distance and bend routing. Improvements of SI performance such as cross-talk noise and eye-diagrams have been reported. In addition, the suppression effect of the differential-transmission mode on electromagnetic (EM) radiation has been demonstrated.
Introduction
In recent years, the clock frequency and packaging density of electronic devices have continued to increase, resulting in more potential noise interference and radiation issues. All electronic devices must satisfy the requirements of electromagnetic compatibility (EMC) for low electromagnetic interference (EMI). [1] Hence, effective methods for predicting and suppressing EMI as well as maintaining signal integrity (SI) over a broad band are required.
Differential-signaling (DS) techniques such as low-voltage differential-signaling (LVDS) are widely used in digital Imbalance components between voltages traveling the differential paired lines are generated by the non-ideal symmetrical structure or topology, and discontinuity of the differential-mode (DM) impedance of the differential paired lines, and the skew and distortion of the output waveform at the signal driver. This paper focuses on the imbalance components generated by the asymmetrical structure and topology, which depend on the PCB layout, and which are important issues in the design stage. In order to provide the basic considerations for EM radiation from practical differential paired lines with typical asymmetrical structure or topology, we newly attempt to quantify the imbalance component and EM radiation from an asymmetrical differential paired line driven by LVDS.
Firstly, the PCB geometries used in the study are described in Section 2. In Section 3, the differential voltages, mixed-mode scattering parameters, and magnetic near fields are measured and calculated. Then, the imbalance component on the differential paired lines is quanti- 
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Transactions of The Japan Institute of Electronics Packaging Vol. 4, No. 1, 2011 fied and discussed. In Section 4, the far-electric fields at 3 m are discussed by experiment and calculation. Specifically, the focus is on the correlation between the imbalance component and the EM radiation. Section 5 is conclusions.
PCB Geometr y Under Study
The differential-paired lines with four different layouts were prepared for the discussion as typical structures and topologies. The geometries of the PCBs under study are illustrated in Fig. 1. 1 ) is a basic symmetrical structure as the "ideally balanced" case, called PCB1; 2) is an asymmetrical structure due to differences in bend and length, called PCB2; 3) is a symmetrical length structure with a bend region, called PCB3; and 4) is an asymmetrical topology with equi-distance and bend routing.
The PCB has two layers, with the upper layer for the signal trace and the lower layer for the reference (ground) plane. The size of the microstrip line structure used for the test model is l = 137 mm (length), w = 100 mm (width), and h = 1.53 mm (thickness) for the dielectric substrate with a permittivity of e r = 4.5. Two traces with l = 100 mm, width w t , and distance s are located on the dielectric substrate.
As the focuses in this paper are on the imbalance component generated by asymmetrical structures and topologies, the relatively wide separation s = 1.0 mm is selected so that an imbalanced component due to the asymmetrical structure is the dominant fact of the EM radiation compared with that due to the waveform distortion of the output of the LVDS driver. PCB1 has a symmetrical differential paired lines with the differential mode impedance Z DM = 100 W. Table 1 shows the characteristic impedance of the differential paired lines in each region. Table 2 shows the simulated maximum eye width (MEW) as an evaluation of the eye-diagram. For the ideally balanced case, PCB1, the MEW is 400 ps. For PCB2, the MEW is 210 ps and is dramatically deteriorated by the different length.
The MEW for PCB4 is 374 ps. This indicates that equi-distance routing is suitable for the improvement of signal integrity issues such as the eye-diagrams of high-speed digital circuits.
Evaluation of Mixed-Mode S-parameter
The 
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Kayano 6/11) predict the resonant and anti-resonant frequencies.
Evaluation of Magnetic Near Field
To understand the details of the difference in the frequency characteristics of the imbalanced component S cd21 , spatial distributions of the magnetic near field on the dif- (Fig. 7) , the magnetic near field is mainly distributed on each trace, Line 1 and Line 2, because of differential signaling. Also, the magnetic field strength is almost constant from Port 1 to Port 2. At the higher frequency, 1850 MHz (Fig. 8) 
Results and Discussion on Radiated Emission
Experimental and full-wave analyses based on the FDTD method are performed to discuss the correlation between the imbalance component and EM Radiation from the results from CM radiation driven as a half-wavelength dipole antenna. Therefore, the angle pattern of E f seems 
where s c is the distance between the center of two traces, s c = s + w t , c 0 is the speed of light, and r is the distance from Line 1 to the observation point at the far-electric field measurement. [6] As the distance, s, between the differential paired lines increases, a deteriorates. 3) There is a spatial region of even-mode current propagation due to the asymmetric layout. This results in a significant CM current and radiation as a CM dipole.
Although the results do not allow us to distinguish the particular radiation component from each of these factors, these consequences indicate that the equi-distance routing does not work as an effective factor for suppressing EMI.
Predicting the dominant component at a certain frequency band is a future subject for mitigating EMI problems in high-speed electronic designs.
Conclusion
In order to provide basic considerations for the realiza- 
